We study the growth of linear perturbations induced by a generic causal scaling source as a function of the cosmological parameters h, V m 0 and V L 0 . We show that for wavenumbers k * 0:01 h Mpc 21 the spectrum of density and velocity perturbations scales in a similar way to that found in inflationary models with primordial perturbations. We show that this result is independent of the more-or-less incoherent nature of the source, the small-scale power spectrum of the source and of deviations from scaling that naturally occur at late times if V m 0 ± 1.
INTRODUCTION
At present there are two main competing paradigms for the origin of the large-scale structure of the Universe: topological defects and inflation. In defect scenarios (for a review see Vilenkin & Shellard 1994) , density perturbations are causally seeded by defect evolution on increasingly larger scales while in inflationary models the causal structure of the universe is altered and correlations can be established on scales much larger than the Hubble volume. Inflationary perturbations are produced at a remote epoch and their evolution is linear until late times. They are passive and coherent. In contrast the evolution of topological defects is highly non-linear and can only be fully described resorting to large numerical simulations (see for example Allen & Shellard 1990; Bennett & Bouchet 1990) . Defect perturbations are active and more or less incoherent depending on the source.
Despite the differences between them, both scenarios produce a nearly scale-invariant spectrum of density perturbations. Hybrid models featuring both inflationary and defect perturbations have also been proposed (Avelino, Caldwell & Martins 1999a; Contaldi, Hindmarsh & Magueijo 1999b; Battye & Weller 1998) .
Recently there has been substantial progress in the understanding of defect models as seeds for the large-scale structure and cosmic microwave background anisotropies (Allen et al. 1997; Albrecht, Battye & Robinson 1997; Pen, Seljak & Turok 1997; Avelino et al. 1998a,b; Wu et al. 1998; Contaldi, Hindmarsh & Magueijo 1999a) . The matter and microwave anisotropy power spectrum induced by local and global strings, global monopoles and global textures have been calculated and compared with current observations.
Although the results seem to indicate some disagreement between standard defect models and observations (in particular in what concerns the cosmic microwave background anisotropies), some issues still remain to be investigated in more detail. This is particularly true for local strings in which the exact contribution of cosmic string loops and gravitational radiation is still uncertain (Avelino & Caldwell 1996; Avelino et al. 1999b) .
Given that current observational data strongly suggest that the density of the Universe is sub-critical, favouring a non-zero cosmological constant (Perlmutter et al. 1998; Lineweaver 1998) , it is very important that structure formation analysis performed for defect models can be generalized for any realization of the cosmological parameters h, V m 0 and V L 0 . This has been carried out in particular for cosmic strings (Avelino et al. 1998a; Avelino, Caldwell & Martins 1997; Battye, Robinson & Albrecht 1998 ) but the validity of the approximations used have not been investigated for generic defect structure formation scenarios.
In this paper we describe the dependence of the power spectrum of density and velocity perturbations, induced by a generic causal scaling source, on the cosmological parameters h, V We show that for k * 0:01 h Mpc 21 these scale in a very similar way to that found in inflationary models with primordial fluctuations. We also study the deviations from scaling which naturally occur at late times if V m starts deviating from unity. This is modelled by switching off the source when V m reaches a certain fixed critical value V m * , 1. We demonstrate that our results hold independently of the more-or-less incoherent nature of the source, the small-scale power spectrum of the source and of deviations from scaling that naturally occur at late times if V m 0 ± 1 Mon. Not. R. Astron. Soc. 310, 1170±1174 (1999 w E-mail: pedro@astro.up.pt (PPA); mauricio@astro.up.pt (JPMdC) (Martins 1997) . Finally, we generalize our results for an arbitrary redshift.
In this article we employ fundamental units in which the speed of light c 1.
THE GROWTH OF LINEAR PERTURBATIONS
The dynamical equation which describes the evolution of the scalefactor a in a Friedmann±Robertson±Walker (FRW) universe containing both cold dark matter (CDM) and radiation fluids can be written as
where H _ a=a (a dot represents a derivative with respect to t h=h eq and h is the conformal time), V m , V r and V L express the densities in CDM, radiation and cosmological constant as fractions of the critical density and
The subscript`0' means that the quantities are to be evaluated today and the subscript`eq' means that the quantities are to be evaluated at the time of equal matter and radiation. We have also assumed that a 0 1 and Ht 0 h 21 eq . The evolution of radiation and CDM density fluctuations (d r dr r =r r and d m dr m =r m respectively) in the synchronous gauge is given by (Veeraraghavan & Stebbins 1990 
In this relation d r;m k is the Fourier transform of d r,m and k jkj is given in units of (ch eq )
21 . The function D(k, t ) in equation (3) is given by
where Q Q 00 Q ii and Q ab is the energy±momentum tensor of the external source. At early times, when owing to homogeneity and isotropy. Here f 0 is the defect symmetry breaking scale. We can see from equations (1)±(10) that for a scaling source the evolution of density perturbations on a wavenumber k up to a conformal time t f satisfying We note that this conclusion still holds in the more realistic case in which the right-hand side of equation (10) is multiplied by a function of t to account for the deviation from scaling that naturally occurs during the radiation±matter transition.
Consequently, we conclude that in order to study the dependence of the normalization of the power spectrum of density fluctuations, induced by a scaling source, on the cosmological parameters h, V m 0 and V L 0 , we only need to study the evolution of perturbations from a conformal time t i onwards, with
In this case equation (3) 
We solve this equation numerically assuming a simple form for the scaling source
where C is a constant, b=b * $ 1 and Q(x) is the step function, i.e.
The initial conditions in equation (14) are
This source incorporates the most important features of causal scaling models relevant to our study. The parameter b is related to the compensation scale while b * is a small-scale cut-off that models the deviation of the power spectrum of the source from a white-noise spectrum on small scales. For the moment we are assuming that the source is coherent but in the next section we will see that this does not affect our results.
Different values of V 
provides a very good fit to the growth factor of density perturbations from early times, i.e., when equation (13) is satisfied, to the present (Carroll, Press & Turner 1992; see also Eisenstein 1997) . This fit was shown to be good to a few per cent for For primordial perturbations a very accurate approximation to the present rate of growth of matter perturbations is given by Lahav et al. (1991) 
In the next section we will show how these results can be generalized for generic defect models of structure formation. It is also useful to define
RESULTS AND DISCUSSION
in a similar way to equation (20).
q 1999 RAS, MNRAS 310, 1170±1174 The functions e g k ; 100 1 2 g k g ; 26 and e f k ; 100 1 2 f k f ; 27 measure the deviation of f k and g k from f and g, given respectively by equations (18) and (21), evaluated at the present time.
In Fig. 1 we plot e g and e f as a function of V m 0 for open (solid lines) and flat universes (dashed lines) in the case with b=b * ! 1.
We can see that g k g and f k f for k * 0:01 h Mpc 21 to high accuracy. We note that the case with b=b * ! 1 is the worst possible scenario as far as the smallness of e g and e f is concerned. For b=b * & 2, for example, g k , g and f k , f to better than 5 per cent for k * 0:003 h Mpc 21 . Here we have chosen a specific value for b b 1= 18 p valid for the matter era and motivated by the results of Cheung & Magueijo (1997) . The change in b which occurs at late times if V 0 m ± 1, does not alter our results. We have also verified that our results are not modified if we replace our sharp cut-off on large scales in equation (15) by the more realistic cut-off 1=1 kbt 22 2 . We also investigate the effect of deviations from scaling that may occur at late times by switching off the source for V m # V m * , 1. In Fig. 2 we plot e g and e f as a function of V 
for kt * 0:02. Although we have assumed the dark matter to be cold our results are also valid for hot dark matter because of the scaling of the neutrino free-streaming length with V m 0 h 2 (see for example Avelino & de Carvalho 1998) .
CONCLUSION
In this paper we have shown that the spectrum of density and velocity perturbations induced by a causal scaling source for a particular realization of the cosmological parameters h, V We have verified that our results are generic in the sense that they hold independently of the more or less incoherent nature of the source, the small-scale power spectrum of the source and of deviations from scaling which may occur at late times.
